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ABSTRACT
Small satellites aren’t just enablers of new technologies and systems. They’re enabling a whole new generation of
students for whom traditional educational methods don’t seem to work. These students find open-ended, discoverybased, group learning to be more effective than the traditional blackboard-and-textbook educational paradigm. In
addition, small-satellite project-based learning not only emphasizes the multidisciplinary aspect of engineering, but
also integrates life experiences that result in a different kind of engineer that is more adaptable in today’s rapidly
changing work environment.
INTRODUCTION

Table 1:

Small-satellite programs have been sprouting up at universities around the world with gusto in recent years,
producing innovative missions, pioneering technologies, and new blood for the space-industry workforce.
Like other universities that are relatively new to small
satellites, the University of Hawaii’s Small-Satellite
Program, established in 2001, has been a boon to developing top-notch students. UH’s program, for example, has produced students that co-authored numerous
publications, helped write proposals that garnered program funding, provided leadership in the University
Nanosat Program, and were recognized as the top electrical engineering graduates in the nation.

Year

Milestone

2001

UH undergraduates begin designing its first CubeSat Mea
Huaka`i (Voyager)1, whose mission was to downlink thermal sensor data to confirm predictions based on a novel
thermal modeling code. This effort was funded in part by
the Hawaii Space Grant Consortium, Northrop Grumman
Space Technology, and Boeing.

2003

UH is one of 13 universities out of more than 30 proposals
to win an award under the AFOSR University Nanosat-3
Program. Hokulua’s (Twin Star) mission was to develop
self-steering antenna arrays for crosslink communications
within a small-satellite network2-10.

2005

Under subcontract to NovaSol, UH is awarded a grant to
develop a geo-referenced imaging CubeSat, Ho`okele
(Navigator) for crisis management and disaster mitigation11.
UH is awarded a grant from the Missile Defense Agency to
develop retrodirective antennas that further advance the
state of the art compared to the 2003 AFOSR award mentioned above, as well as develop microthruster propulsion
technology12. The nanosatellite was known as Ho`okiai
(Watchman).

2006

UH’s first CubeSat is one of the CubeSats in a failed Dnepr
launch13.
UH receives two patents on its self-steering array technology14.

2007

Under subcontract to Progeny Systems, UH is awarded a
DARPA SBIR Phase I grant to develop novel small-satellite
constellation antennas.
UH begins developing its fifth CubeSat, Kumu a`o (Source
of Learning)15
UH takes a giant leap forward when it establishes the Hawaii Space Flight Laboratory, an end-to-end design, fabrication, integration, test, and launch facility for small satellites16-22.

2009

UH is one of 11 universities to win an award under the
AFOSR University Nanosat-6 Program. The mission is to
develop a radar-calibration support nanosatellite, Ho`oponopono (To Make Things Right).

But clearly unforeseen when we started our program
was the convincing success of the open-ended, discovery-based, group-learning model. Somehow, this teaching paradigm motivated students in a way that college
educators only dream about.
The moral of the story is that small satellites aren’t just
enablers of new technologies and new systems. They’re
enabling a whole new generation of students for whom
traditional educational methods do not work.
ACHIEVEMENTS
In less than a decade, our program achieved the milestones in Table 1.
Over 175 undergraduate students have participated in
the UH Small-Satellite Program since its inception.
From the start, it has been predominantly student-driven
by undergraduates. In fact, undergraduate students led
the development efforts for five of UH’s six smallsatellite projects.
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Faculty mentors identify sources of funding and serve
as the official university principal investigators, but the
students themselves help write the proposals, manage
the projects, organize the teams, conduct design reviews with customers, write the reports, and present
their research and engineering designs at workshops
and conferences.
Collectively, our students have written five book chapters and over 20 papers in archival journals or conference proceedings. Nine students entered doctoral programs, and over 20 entered masters degree programs.
Seven were recognized as the outstanding graduating
seniors in their respective majors, and four received
awards recognizing them as top graduating seniors in
the state among all engineering majors.

Fig. 1: UH Students with BalloonSats. Left to Right:
Justin Akagi, Jason Akagi, Blaine Murakami, Aaron
Ohta.

Most impressive of all, UH’s first two CubeSat student
leaders received the Outstanding Electrical and Computer Engineering Student Award (presented by the
national electrical engineering honor society Eta Kappa
Nu), recognizing them as the most outstanding electrical engineering students in the nation in 2003 and
2005, respectively23-25.

“Engineering thinking needs to be able to deal with
complex interrelationships that include not only traditional engineering problems but also encompass human
environmental factors as major components . . . companies want engineers with passion, some systems
thinking, an ability to innovate, an ability to work in
multicultural environments, an ability to understand the
business context of engineering, interdisciplinary skills,
communication skills, leadership skills, an ability to
adapt to changing conditions, and an eagerness for
lifelong learning. This is a different kind of engineer
from the norm that is being produced now.” 28

One Example: Blaine Murakami
As a freshman, Blaine Murakami (Fig. 1) got involved
with UH’s first BalloonSat and CubeSat, worked on
active antenna research, and co-authored a Small Satellite Conference paper26. As a sophomore, Blaine served
as the student principal investigator on a University
Nanosat 3 project and presented a paper at the Small
Satellite Conference2. By the time he graduated, Blaine
had one co-authored book chapter, two first-authored
and eleven co-authored conference papers, two coauthored patents, won first place at the 2004 UH Business Plan Competition, and co-founded a start-up company. He was the 2005 Eta Kappa Nu awardee mentioned above that was recognized as the top electrical
engineering student in the nation.

It doesn’t take a rocket scientist to recognize that the
best way to teach engineering is by having the student
do engineering. Put another way, one can only go so far
in learning how to swim by reading books about
swimming, watching videos about swimming, and listening to a coach talk about swimming. The ultimate
learning experience is simply diving in, getting wet –
and swimming!
Similarly, a true small-satellite education doesn’t just
consist of learning about the technical aspects of satellites. Interdisciplinary, communication, and leadership
skills are gained naturally, in situ, for one reason: the
learning occurs by doing.

What is it about a small-satellite program that brings
out excellence in students? A large part of it is the nontraditional pedagogical paradigm that focuses less on
canned classroom lectures and more on open-ended,
discovery-based group learning27. Another is simply
giving the students a chance to self-organize and prove
to themselves that they have the wherewithal to put
themselves on the path to collegiate success.

As icing on the cake, students draw upon life experiences gained through other contexts and put them into
practice in a new light in their school projects, cementing in their minds that what they learned previously and
applying presently are indeed life lessons.

A DIFFERENT KIND OF ENGINEER
Two years ago, the National Science Board, which
oversees and establishes the policies for the National
Science Foundation, issued a report that recommended:

Shiroma

Characteristics gained from extracurricular activities
and life experiences can be advantageous to a team’s
development and a project’s success. Projects that rely
on the accountability, dependability, and responsibility
2

23rd Annual AIAA/USU
Conference on Small Satellites

to teammates are not unlike that of a family environment, and it is this very similarity to a family that
serves to attract and retain high-caliber nontraditional
and minority students.

neer” advocated by the National Science Board – an
engineer who is more able to adapt to today’s rapidly
changing workforce environment. And the best thing is
that it all comes naturally, simply because learning
comes about by doing.

Below are three examples of these life lessons in action,
and demonstrate how participating in a small-satellite
project while in college is tantamount to enrolling in
Life 101.

CONCLUSIONS
The moral of the story is that small satellites aren’t just
enablers of new technologies and new systems. They’re
enabling a whole new generation of students for whom
traditional educational methods do not work.

Athletics
High school and collegiate athletic teams are often
comprised of dozens of members with a high turnaround rate, not unlike the undergraduate small-satellite
team environment.
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Over the years, UH was fortunate to have had a number
of baseball, football, and soccer athletes participate on
its small-satellite teams; in fact, over half of UH’s
CubeSat teams were led by students with considerable
athletic experience. In each case, they were invaluable
in transferring their experience in athletics to their experience in academics: fostering unity among the team
members, pointing out how one member’s performance
could affect the success of the whole team, shoring up
weaknesses through teamwork, learning how to overcome setbacks and conflicting personalities to achieve a
common goal.
Parenting
One of our current team members is raising two children while completing a bachelor’s degree. The student
is an integral part of the team technically, but is also an
important part of the team motivationally. Balancing
the rigors of a simultaneous father, husband, and student has inspired teammates managing their personal
obligations. The dependability, accountability, and responsibility associated with parenting created a sense of
family and unity on the team.

Fig. 2: UH Student Monte Watanabe Testing UH’s
First CubeSat.
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